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APPENDIX

Touching
REFLECTIVE DIALLING.

By JoHN LYon:

Prafe(for of this, or any other part of the
Mathematicks, zeer Sommerfet
Houfé in the Strand.







ECT DIALLIN
By a Hole or Nodus.

To draw a Dial under any window-that the s#n [hines upon by
belp of & thread faftened 11 any point of the direlt Axis
found in the Ceiling, and a bole in any pane of glaffe,

‘or @ knob or Nodws stpon any [ide of the
window er windew-poff.

ConsrrucTti1oO.

1:f, draw on paftboard or other material, an Hori~
zontal Biarfm the Latitude prapofed.

Then by help of the Suns Azimuth, which
may be found by help of a general Quadrant, at
any time, or by knowing the true hour of the
day with the help of the faid Horizontal Dial s
and draw that true Meridian from the hole or Nodus propofed,
both above on the Cicling, and below on the walls and fleor of
the Room; fo thatif a right line were extended from the faid
hole or Nodus by any pointin any of thofe lines, it would be in
the meridian Circle ofF the World,
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2 Diret Dialling by a Hole oy Nodws,

To finde a point in the direlt Axisof the worlds which will ever
fall to bein the faid Meridian, inwhich point the end
of a thread is to be faftened.

Irft, fix theend of a thread or fmall filk in the center of the

Hole or Nodus,and move the other end thereof up or down

in the {aid meridian formerly drawn on. the Cieling or wall,
untill by applying the fide of a Zuadrant to that thread, ic is
tound to be elevated equal to the Latitud: of the place ; fo 1s that
thread dire&ly fcituaced parallel to the Axis of the world, and
the point where the end of thac thread toucheth the meridian ei-
ther on the Cicling or wall, is that point in che dire Axis fought
fory wherein fix one end of a thread, (which thread'will be of pre-
fent ufein proje&ting of hour-points in any place propofed, then:

To find the Hour-points cither under the window, or any other

convenient place in the Rooms.

Place the center of the {aid Horizontal Dial in the Center of
the Hole or Nodus ; alfo fcituate the {aid Dial exadly parallel to:
the Horizon, and the meridian of the faid Dial in the meridian
of the world, which (as before) may eafily be done, if at that in-
ftant you know the true hour of the day.) Then take the thread
whole end 1s fixed in a point in the dire& Axis, and move it to
and fro, until cthe faid thread doth interpofe berween your eye,and
the hour-line on the faid Herizontal Dial which you intend to
draw,and then keeping your eye at that fcituation, make a point
or mark in any place where you pleale, orundeérthe windowy fo
that the (aid thread or fring may interpofe berween that point or
mark [0 made, and your eye, as aforefaid ; which faid point fo.
found will fhew the true time of the day at that hour all the yea
Jor.g, the Sun {hining thereon, fo will that point, together with
the {aid thread, ferve to thew the hour, inftead of an hour=
line,

In like manner, the faid thread fixed'ia the Axis may be again
moved to and fro, until the faid thread doth interpofe between the:

eye
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Dialting on the floor of 4 Rooms, 3
eye and ady other hour=line defired on the {aid Herizontal Dial
and then (as before ) make another point or mark in any place at
pleafure, or under the faid window, by projecting a point from
the eye, {0 that the faid thread alfo interpofe between that pointto
be made and the eye, fo will that point fo found fhew the tiue
time of the day for the fame hour that did the hour hine on the
{aid Horizontal Diial, which was fhadowed by the faid thread.

In like manner may be proceeded (by help of chat thread, and
the feveral hour=lines on the faid Horizontal Dial) to finde the
other hour-points which muft have the {ame numbers {et to them
as have the hour-lines on the {aid Horizontal Dial,

Otherwife to make a Dial from a hole in any pane of glaffe in
a window , and to graduate the hour-lines below on the Sell, or
Beam, or ontlie ground, that hole isfuppofed o be the center of
the Horizontal Dial, and being true placed, the ftile thereof, if
fuppofed continued, will run into the point in the Meridian of the
Cicling before found, where a thread is to be fixed 5 then lecone
extend a thread faftned in the center of the Horizontal Dial pa-
rallelly to the Horizon, over each refpe&ive hour-line, and hold-
ing it [teady, let another extend the thread faftened in the Meri-
dian, inthe Ci:lin% along by the edgesof the former Horizontal
thread, and fo this latter thread will finde divers points on the
;mund,.thtuugh which if hour-lines be drawn y and the Sun fhine
through the hole in the pane of Glaffe before made thefpot ot the
Sun on the ground fhall fhew the time of the day.

For ‘the points that willbe thus found on the Beam or Tran~
fome, the thread fixed in the C icling, orinftcad of it a picce of
tape thiere fixed mult be moved foup and down, that the fpot of the:
Sun may (ine upon it, and being extended to the Trznfeme or
Beam graduated with the hour-hnes, as before dircéted; ik there
fhews the time of theday. Here note, that it will be conveni-
ent te have that pane of Glaffe darkened through which that fpev
isto fhine,

In like manner may a Dial be made froma nail head, 2 knotin

s iring cicdany where a eroffe, or fromany point driven into ; he
ai




Dialling for the Weather.

barof a window,and the, hour-lines graduated upon the Tran-
{ome or board underneath. ' fac) 2. -

To make a Refle€ted Dial on the Ceiling of theRoom is one-
ly the contrary of this, by {uppofing the Horizontal Diall wich
its (tile to be turned downwards, and run into the true meridian
on the ground, where the thread is to be fixed, and to be extended:
along by the former Horizontal thread (held, over the refpeétive
hours as before ) upward, to find divers pointsin the Ciching, as
(hall afterwards be fhewed.

Thefe may be alfo made by help of an Horizontal Dial.

Riye two nails or pins into the wall, on which the edge ofa

Board of. competent breadth may reft, thzn to hold up theo-

ther (ide of ths Board,drive two hocks into the wall above,
whereto with cord or line the outfide of the Board may be fultain-
ed,and this Board being Horizontal,place the Horizontal Dial its
Meridian-line in the true Meridian of the world,  If a Plain
look towards the South, ithe ftile of the Horizontal Dial conti-
nucd by a thread from the center will run into the Plain, which
note to be the center of the new Dial, as alfo that line is the
new (tile, which muft be fupported with ttayes, when you fix it
l]}"i 5

By athread from the center laid over every hour-line on the
Horizontal Dial, crofs the Horizontal line of the Plain, which
note wath the lame hours the Horizental Dialhath.

The hour-lines on the Plain are to be drawn from the .center
hci]r_ﬁ found L'hrm_agh thofe points, and fo cut off by the Dial, or
continued at pleafure,

It the Center of the Dial be affigned before you begin the
work, in fuch Cafes you may remove the Horigontal Dialupand
down, keeping it [ill co the true pohition or houry tll you finde
the Axis or e run inito the Center,

Bac




Refratted Dials. \
tBut Ef‘thﬁ;f!ﬂhl,l logk into the Eaft or Wefl, then poffibly the
A ﬁ‘fﬂfﬁﬂ:ﬂﬁ@ﬁmﬁ%ﬂDial'will_nm_mc.g;_mjﬂ]. the Plain = in
uch Cales yEu: mult fix a board fo, that it may receive the Axis,
(the board being perpendicular to.the Plain) this flile or Axis is
to be faftened to the Plain by two Refts, the hour-lines may be
drawn by the eye; or fhadowedout by a Light ¢ Bringthe thread
that reprefents the Axis or ftile into any hour-point (on the Hori-
zontal Dial) by your eye or {hadow ; atthe fame time the thread
ot (hadow making marks onthe Plain, fhetws where the hour-
linesate to pafle. R €] 1)
After the fame mansier any hour-line is to be drawn over any
irregulax or crooked Plain. ° Further obferve, that any peint in
the middle, or;ncer the end of the file will as well fhew the hour
of the Day, as the whele ftule,, ,

Of Refralted Didls.

F you ftick up a pin or {tick, or affign any point inany concave
Boul or Difh, to fhew the hour, and make that the center of the
* Horizontal Dialaffigning che meridian-line on the edges of
the Boul, point qut the reft of the hour-lines alfo on the edges. of
the Bouly and taking away the Horizontal Dial, elevate a ftring
orthread fromthe end of the faid pin faftned thereto over the
Meridian-line equaktothe Elevation of the Pole or the Latitude
of the place ; then with a candle, orif you bring the thread to
fhade uponany hour-point formerly marked out on the edges of
the Boul, atthe fame time the {hade in the Boul is the hour line.
.- And if the Boul be full of water, orany ether liquor, you may
dray the hou-}incs, which will never fhew the tuehour, unlefle
filled with the faid Liquor again, '

] i
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Reflected Dialling.

To draw a Reflefed Dial o any Plainor Plains, be they ne- |
; ver fo Gibows, and Concave,or Couvexs ov any irvegularity ||
t whatfoeUersthe Glaff being fixed at any Reclsnation at plea- l
1 fure, (provided it maycaft its Reflex upon the places pros = |
pofed. ) Togetherwith all other Hfff{f#fj lines or furnitare |
thereon, viz, the Parallels of Declination, the Azimuth
lines, the Parallels of Altstude (or érapnrtiamnf fbadons)
the Planetary Hosr-lines, and the Cufpis of thofe Houfes
which are above the Horizon, gre. \J

|

|
1. If the Glaffe be placed Horizontal spon the Trane |l
fome of awindiw,or other convenient place :

How spow the Wall or Cicling whereon that Glaffe .I
doth vefleét to draw the Honr-lines thereon, altheugh it l
be never foirregnlar | or in any forms whatfecver. i

CONSTRUCTIO. r

: Irlty draw on Paltboard or other Material an Horizontal
! FDial for the Latitude propofed.
Then by help of the Azimuth, or at the time when the
1 Sun is inthe Meridian ; orby knowing the true hour of
;... Day, whereby may be drawn (everal lines on the Cieling, Floer,
i and Walls of the Room: fo as in relpe@ of the center of the
. Glafle they may be in the true Meridian-circle of che World: |
;. For if right lines were extended from the center of the faidGlafle |
i by any point, though elevated in any of thofe lines o drawn, it
i would be direétly in the Meridian Circle of the World, N
oW
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angle of Refleétion. And as any dire

R ¢flefted Dialling from any Horizontal Glaffe, ”

Now all Refle@ive Dialling is performed from that prineiple

in Opticks, which is, That the angle g Incidence is equal to the

Dial may be made by help

of a point found in the direét Axis, fo may any Reflected Dial
be alio made by help of any point found in che Reflected Axis.

And in regard the reflected Axis for the moft partwill fall a-
bove the Horizon of the Glaffe without the windew, fo thatno

oint therecan be fixed, thereforea point mult be found in the
{aid Refle&ed Axis continued below the Horizontal of the faid
GlafTe, until it touch the ground or floor of the Room in fome
part of the Meridian formerly drawn, which point will be the
point in the reverfed Axis d.fired, and may be found, as follow-
eth.

One end of the thread, being fixed at or in the center of the
faid Glaffe, move the other end thereof in the meridian formerly
drawn below the faid Glafle, until the {aid reverfed Axis be de-
preffed below the Horizon, as the diret Axis was elevated above
the Horizon, which may be done by applying the fide or edge of
a Quadrant to the {aid thread, and moving the end thereof to and
fro in the faid meridian, until the thread with a plummet cut the
{ame degree as the Pole is above the Horizontal Glaffe, and then
that point where the end of the thread coucheth the Meridian ei-
ther on the floor or wall of the room, is the point in the refleed
reverfed Axis fought for,

Now if the Reverfed Axis cannot be drawn from the Glafle by
reafon of the jetting of the window or other impediment, that
point in the reverfc Axis may be found by 2 line parallel thereto,
by fixing one end of it on the Glafle, and the other end in the me-
ridian,lgn as that it may be parallel to the floor or wall in which
the reverfed Axis-point will fall, and finde the Axis point from
that other end of the lath : fo if the fane Diftance be {et from thac

oint backward in the Meridian on the floor, as is the Lath, the
point will be found in the Reverfed Axis defired. ;

Thus haying found a point in the reflected reverfed Axis; it is
not hard, by h?lp whereofand the Herizontal Dhal, to draw the
refle@ed hour-lines en any Cieling or Wall;be it never fo concave

K
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% Reflelted Dialling {rom asy Horizontal Glaffe.

To do which : Firlt note, that all [traight lines in any projecti-
on on any Plain,do always reprefent great Circles in the Sphere,
fuch are all the hour<lines.

Place the center of this Horizontal Dial in the center of the
GlafTe, the hour-lines of the faid D jal being horizontal, and the
Meridian of the faid Dial in the Meridian of 1:|:h:‘. world, which
may be doneby plumb lines 1:.-:&1[&0:1} the meridian on the Cie-
ling : Then fixthe end of athread or filk in the faid center of the
Dial or Glaffe, and draw it direltly over any hour-line on the
Dial which yeu intend to draw , and az the furcher ﬁdc of the
room, and there let one hold or falten that thread with a fmall:
nail,

Then in the point formerly found on the reverfed Axis on the
floor, fix another thread there (as formerly was done in the cen-
ter of theDiall) then take that thread, and make it jult touch the
thread (on the hour-line of the Horizontal Dial extended )in any
point thereof, it matters not whereabouts, and mark where the
end of that thread toucheth the wall or Cieling, and there make
foms mark or point,

Then again moye the fame thread higher or lower at pleafure,
till it, as formerly touch the faid fame hour thread, and mark+~a-
gain whercabouts on the wall or Cicling, the end of the faid
thread alfo toucheth.  In like manner may be found more points
at pleafure, butany two will be fufficient for the projecting or
drawing any hour-line on any plain, how irregular foever,
For if you move a thread, and alfo your eye t and fro, un-
il you bring the faid thread direétly berween your cye and the
points formerly found, you may projeét thercby as many poiInts
as you pleafc ar every anglz of the Wiall or Cicling, whereby the
refleted hour-line may be exadly drawn.

Azain, in Like manner remove the faid thread faltned in the
center of the Horizontal Dial, (which alfo isthe center of the
Glaffe) on any other hour-line defived to be drawn, and as be-
fore falten the other end of thethread, by aimall nail, or other-
wif# at the furcher fide of the roont, but fo that the faid thread
nay lie jult on the hour-line propofed (o be drawn onithe Hori-

zontal
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Reflefted Dialling from any Herizontal G laffe. 9
zontal Dial. . Then (asbefore) taks the thread faftened 1n the
pointon the refleted Axis, and bring 1t to touch the thread of
the hour-linc in any part thercof, and mark where the end of that
thread toucheth the fa:d Wall or Cieling « Then again (as before)
move the faid thread fo, as that it only touch the faid thread of
th: hour-line in any other part thereof, and alfo mark where
the end of that thread toucheth the faid Wall or Cicling: 30
is there found two points on the Wall or Cicling, being in the
refle@ed hour-line defired, by help of which two potnts the whole
hour-line may bedrawn ; for if (asbeforc) a thread e {o feitu-
ated, thats it may ingerpofe between the eye and the faid two
oints found, you may make many poiots at pleafure, whercunto
the faid tNread may allo interpofe, which for, mare conveniency
may be madeat every angle or bending of the Wall or Cicling,
be they never [o many : So that if lines be drawn from point to
poiat, that faid reflected hour-line will be alfo exa&ly drawn.

In like manner may the other hour-lines be drawn fo, that the
Reflex or fpotof the Sun from the faid Horizontal Glafle fcituated
in the faid window (as before) thining ameng(t the faid reflect-
ed hour-lines drawn on the wall or Cieling, will exaétly fhew
the hour of the day defired.

Now if lines be drawn round about the faid Room, equal to

" the Horizon of the faid Glafle, it will (hew when the Sun is in

or neer the Horizon.

To drawthe Equator and Tropicks on any wall or Cieling
to Any Horizontal refleéting Glafe,

it Todrawthe Re ﬁ;ﬂ‘ed o AE quator o E‘quinaﬁiu!—!iﬂe om the
wall oy Cieling , which reprefents a great Circle.

Ake the theead fixed in the Center of the Glafle, and
move the end thereof to and fro in the meridian line drawn
on the Cieling, untill by help of a Quadrant the faid thread
be clevated equal to the complement of the Latitude, (which will

be alwayes perpendicular tothe reverfed Axis) ‘marking in th
K 2 me=
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10 1 ° Reffefled Dialling from any Horizontal Glaffe,

Meridian where the end of that thread falls, then on that poime
and the {aid meridian line on the Cieling ere&t a perpendicular
line, which line may be continued on any plane whatfoever, and
is the refle€ted Equinotial line defired,

Note that all great Circles are right lines, & are alwayes drawn
or projested from a right line.

2. Todraw the Tropicks, Note, that all Parallels of Decli-
wation are leffer Circles, and are Conick Seltions.

Itlt, make or take out of fome Booka Thable of the Suns Al-
Ftimdc for each hour of the day, calculated for the place or La-
 titude propofed, when the Sun is in cither of the Tropicks.
Then take the thread fixed in the center of the Glaffe, and by
applying one fide of a quadrant tothe f{aid thread, and movine
one end of it to and fro in the hour-line propofed, elevate the faid
thread anfwerable to the Suns height in that hour, when he is in
that Tropick you defite co draw, and mark where the end of that
thread [o elevated toucherh in that hoyr-line propofed. So may
you in like manner finde a feveral point in each hour-line forthe
Suns heignt inthar Tropick, whereby a line may be drawg on
the Wall'or Cicling from point to point formerly made in che
faid hour-lines, which the Tropick defired.

In like manner may any parallel of Declinacion be drawvn: If
there be firlt calculated a Table of the Suns altitude a¢ o]l hours of
the day, when the Sun hach any Declination propofed, wherchy
may be drawn either che Parallels'of the Suns place, orthe paral-
t:ds.of the lengch of che day.

Yo draw theparal lels of Deglination tp cany Refledd adGla(fe mo ff
eafily, by helpof a Trigon firft made on paft board or

sther matevial,

§i Ixshe Tiigon to the refle@adiroverfed Axis, fo/that the center .
of the Trigon may be in thewenter-of the Glafle, then will the
Equinoctial on the Trigon. be perpendicular to the faid Axis :
then take the thread fixed inthe center of the Glaffe, and lay it

al{mg‘:
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Refleltéd Dinlling from any Horixontal Glafe. 1
along either-of the Tropicks .or -other parallcls of ‘Declination
required, which'is drawn on the faid Trigon, which thread muft
be continued fo, that theend thereof may touch any hour-line,
and on that hour-line mark the fPOil‘lt of touch, the thread being
fillaid on the fame paralle] of declination on the Trigon: in
the fame manner finde a point in cach houi-line,  Laftly, draw
a line by thof=paints fo found, which will be the Tropick-line or
ather parall.1 of declination, as the thread was laid on, onthe Tri-

gon.

To draw the eA zimurh-Lines.an any Wall or Cieling to any He-
rizontal refletting Glaffe. Nose thas all edzimnths
are great Ciroles.

Ieft, find a vertical point, eicher above to the Zenuth, or belaw
to the Nadir of the Glafle (by fome called a_perpendicular or
plumb line) and mark in what point it cuts the floor of the room,
which point I call the refle&ed vertical point, wherein the. end ot
a thread is tobe fixad ; Forby a poiat found in the refleted Ax-
is of the Horizon the Azimughs.may be drawn, as by a pont
foundin the reflefted Axis of the Equinotial the hour-lines
may be drawn..
hen onipaltboard ot othex material draw. the points of the
Compaflie or other degreesyand fix the center thexeof in the cene
ter ot the Glafle,and the meridian thereof in the meridian of the
world, as was (hewn indrawing the ‘hour-lines, being careful to
place it horizontal.

Then take the thread fixed in the place of the glaffe, and draw
it over any Azimuth, which is defired to be drawn, and ac the
further fide of the Room faften that thread with a fmall nail asic
was in drawing the refleted hour-lines: Then take the thread
whofe end is faltened in the faid refleé vertical point, and bring
‘thac thread {0 as jult to touch the faid horizonal thread, and aug-
ment it, until the end thereof touch the wall or Cieling, and there
make a mark or point, Inlike manner, move the faid thread,

whele end is faltened in the faid vertical point, higher or lower at .
&7 Dlﬂa-:_




) Reflebted Dialling frove any Horizontal Glaffe.
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pleafure, till as formerly it touch the faid horizonsal thread, and
mark again whereabouts the end thereof toucheth the faid Wall
or Ciehing : Now by help of thele two points feund in the re-
fle&ed Azimuch line, the whole Azimuth line may be drawn;
for if (as before in drawing the Hour-lines) a thread be fo fcitua-
ted, that it may interpole between the eye and the faid two points,
you may make many points at pleafure, o which the f{aid thread
fo fituated may alfo interpofe, which may be made at every angle
or bending of the wall or Cicling (as before) whereby the reflect-
ed Azimuth-line defired may be drawn. In like manner may
the other refleCted Azimuth lines be drawn.

Alfo there may be lines drawn parallel to the Horizon round
about the room, by helpof the thread fixed in the center of the
Glafle, and a Quadrant for the elevation thereof, which will fhew
the Suns altitude at any appearance thereof,

T hus bave I (hewed the drawing of a Reflelted Dial frovs an
Horizontal Glaffe, with all the ufial fur niture thereon, though
the wall or place on which it is to be drawn be never fo gibosus or
irregular; or in what [bape foever,

Now the Glafle may be c¢xa&ly firuated Horizontal, if you
draw a refle&ed parallel for the prefent day, and know alfo the
true hour, and {o place the Glafle, that the fpot or reflex of the
Sun may fall thereon cn the' Cieling, for there is ne way by an
Inftrument to do ity the Glaffe s fo {mall.
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Of Reclining Reflecting Glaffes.

R flected Dialling from any Rechning
ok . Glaffe.

I fhall now fhew how to draw any Refleéted Dial,
with all the Furniture (that |1:mfﬁb1:: may be) the Glafs
being fet at any poffible Reclination.

In the drawingof whichthere is principally tobe
confidered, ' .

1 The Refletled Hor1z07. |Note ,the Horizon & Meri-
2 The RefleBled Meridian.|dian are two great circles,

"1 Todraw the Refleited Horizon according to the fituation of
any reclining Glafle what foever.

Irft, let two pieces of nealed wire be faltened on the win-

dow on each [ide of the laid Glaffe, the ends thereof being

a & - r -
without the room in the air, at whofe ends let there be
faftned 2 thread which may be pulled (traight at pleafure,

by bending of the wire, then bend thefe wires upward or down-
ward, until che thread faftencd at the end of each wire be exaétly
horizontal withthe center of the Glafle, which maybe triedbya
quadrant : Then I tie a firing or thread crofs the room, in- fuch
fort that T may frem moft part of the thread fee the refleéting glafs,
and therein the {aid horizontal thread without the room : Then on
the (aid thread crofsthe room, I tie a flipping knot to move to
and froat plealure, which knot I move to and fro on the f{aid
thread, untilby looking in the faid Glafle 1 finde from my eye
the faid knotand part of the horizental thread without, all as it
were inarigh line, the one interpofing the fight of the other,,
Then
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14 Rejected Dialling from any. reclining Glaffe, |
Then being careful to keep the knot in that pofition, falten one
end of a thread inthe place of the center of che reclining refleét=
ing gliffe, and bring that thread fo, as jult' to touch theaforefaid
knot,augmenting that thread, until the end thereof touch the wall
or Cicling, and there make a mark or point; fois there one point
found on the Wall or Cicling in the Refle@ed Horizon of the
World, Then I begin again, and remove the pofition of that
thread (Which went overthwart the Room) eicher higher or low=
er at pleafure, ftill having regard that I may fromthe moft part of
the faid thread fee the Refl:Cting Glafle ,and therein the fame ho-
rizontal thread without the room, Then, as before,I move the faid
knot on the {aid thread to & fro,until (as before )by looking in the
faid Glaffe I find from my eye the {aid knot,and part of the Hori-
zontal chread both in one right line, the one interpofing the fight
of the other;jand by the faid knot I bring thacthreéad, whofe end is
faltened in the center of the {aid glal’é, and keeping it jult to
touch the (aid knot, I continue it; until the end thereot tonch the
Wall or Cieling, as before, and there I make another mark or
point 3 o is there two points found in the faid refle®ed Horizon
on the wall or Cicling, By which faid two points, if a thread (as
before ) be fo fciruated, that it may interpofe between the eyc and
the faid-two points, there may be many points made to be'in the
fame interpoficion of the thread, which (as before) may be made
at every bending or angle of the Wall or Cicling, whereby the
refle@cd Horizon defired may be drawn, by drawinga line from
pointto point round about the Room ; Which wil be the trye
refleted Horizon according tothe fituation of the glaffe,

2 Todrawthe Refletted Meridian, according to the ‘ftuation
of any Reclining Gla[fe whatfoever.

Irft, takea lath or thin piece of wood of any convenient
X" lengeh ac pleafure, as fome one and an half, or two foot long,
and at each end chereof make a hole, the one to hang a thread
and plumine, and the other is to put a {mall nail therin tofaften it
in fome part of the window ‘over the center of the Glaffe, fo

that
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. thatthe thread and plummet may hang without the room: then
| by help of the Suns Azimuth you may draw the meridianline, (as
before) as if the Glaffe were horizontal, and move the lath with
* the thread and plummet ac the end of it to and fio, untl the
' thread and plummet be in the dire& meridian of the woild with
the center of the Glafle.  Then (as before) tie a chread crofie
| the room, in fuch fort that from or by fome part of she faid thread
| both the Reclining glaffeand the thread to which the plummet 15
faltened may be feen ac onc time.  Then (as before) on the faid
| thread, which croffes the room, T tie a {lipping knot, which I
move to and fro on chie faid ftring, until by looking in the faid
Glaffe Ifind from my eye the faid knot and fome part of the per-
pendicular thread wathout, allas it were in one right line, the
ene thadowing or interpofing the fight of the other, being then
very careful to keepthat knot in the lame pofition, then take the -
thread (whofe end whereof being faftened in the faid+center of
the Glaffe) and bringing it jut totouch the faid knot, 1 augment
that thread, until the end thereof touch the faid wall or Cicling,
and the faid threadalfo touch the knot , as before s then in thet
place where the end of the faid thread toucheth the wall or Cic~
ling, I make a mark, which mark or point will be dire&ly in the
refle@ed meridiar of the world, according to the fituation of that
Glaffe, Then again Lremove that thread (overthwart the room)
on which the faid knot is, either higher or lower then it formerly
wasat pleafure, (till having regard that from fome part of the faid
thread within, you may fee both the Reclining Glafle, and the
erpendicular thread without at onetime ; and (as before) move
the faid flipping knot on the faid thread, unti by looking inthe
{aid R eclining Glaffe, you fee the faid knot and fome part of the
perpendicularthread without in one right line, fo as the one (ha-
dows or hinders the fight of the other, (as beforc) which knet
then muft not be removyed from its fituation, then take that thread
. (whofe end is faftened in the Glaffe) and bring it o touch that
knor, the end of the faid thread being centinued to touch the

wall or Cicling 3 {0 is that point of touch oa the Cieling another
: ' L point
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16 Refleéled Dialling from any Reclining Glaffe,
point found in the Reflefted Meridian of the ?qur]d. Soisthere
ewo points found in the faid Reflected Meridian, on the wall
or Cieling; by which, if a thread (as before) be fo fituaced, that
it may interpo{e between the eye andthe faid two points, many
points thereby in the faid refleéted Meridian may be made ate=
:w:r}; bending orangle of the wall or Cicling, whereby the Rc-
H:&ed meridian defired may be drawn , by drawing a line
from point to point ebliquely in the Room, thch will be !:ﬁc:
true Refle@ed Meridian of the world, according to the fitnation
of that Glafle.

Now this Refleéted Horizon and Meridian being firt
drawn, they will be of great ule in drawing the Hour~
lines, together withall the furnicure chat poffibly can be
drawn onany Diall, :

To.draw the Reflelted Honr-linss to any Rﬂ?ﬁ”f:% Glaffe ont any
plane what[ocver, thas the Swn will berefletted on - By
belp of anordinary Horizontal Dial for

. thar Latirnde.,

it extend feveral threads from the center of the Glaffe to

the cxeremity of the Refle¢ted Horizon in the Room, (which
kor more conveniency and ufe may be the feveral hour-lines, and
may allo (erve asa bed to fituate the Horizontal Diall on the Re-
f=Cted Horizon) having regard to fituate the center of the Dial
on the center of the Glaffe, and the Meridian of that;Dial on
the Reflected Meridian of the World: Then to finde the point
in the Refleéted veverfed Axis on the floor of the Room; Take
a thiead, one end thereof being faftened in the center of the
Glaile, and move the other end thereof to and fro in the refleGted

meridian under the RefleGted Horizen, until by help of 2. Qua=

drant the (aid thread is found tobe deprefled under: the refleéted ™

Horizon, cqualtothe latitude of the place,and where the end of
the
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che [1id chread interfe@s or meets the Refledted Meridian cither
on the foor or wall, that pointis the reflefted reverfed Axis, as
was required, In which point faften one end of a thread, which
thread willbe of great ufe in drawing the refleéted hour-lincs on
any wall or Cieling whatfoever. Now if thisthread, whole end
is faltened in a point on the reflected reverfed Agis, be taken and
brought to touch any partof any onc of the threads of the heur-

' lines (produced to and faftened in the reflected Horizon) the

faid thread being continued {o, asthe end thercof may touch the
wall orCicling, and alfo any part of the faid thread touch the
hour-line or thiead propofed ; that pointon the wall or Cieling is
i the reflected hour-line defired to be drawn : Alfo the other
oint in the fame reflected hour-line may be found ; If the faid
thread, whole end is faftened in the Reflecred Axis;be brought to
touch fome other part of the fame hour-thread propofed ; fo that
when (as before) the end of the (aid thread toucheth the wall or
Cicling, {fome part of that thread may al{o touch the houreline

 defired, which point of touch on the wall or Cicling, is alfo anoe

cher point in the faid reflected hour-line dcfired. By which two
poins fo found (as before) the reflected hour-line may be drawn
by a thread, projcting by thofe pouns from the eye, as it was
formerly directed in drawing the reflecied hout-linics to an Hori=
zontal Glaffe.

To dyrawthe Reflefted Equinoitial line, ard alfo the Tropicks
o5 auny wall or Cieling, to any Reclining Reflelting glaffe.

1 Yo.draw the refletted Equinottial line on the
: Waller Cieling.

Tfake that thread, whoft end is faftened in the center of the re-
clining glaffe, and move the other end thereof to and fro in
the faid R ¢fle@ed meridian formerly drawn, until (by help of a
uadrant) the faid thread is elevated above the refleéted Horizon
El.:mncrly drawn , equal to the Complement of the Latitude,
. L 2 (whick
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18 Reflefted Dialling from any Reelining Glaffe.

(which as before will be alwayes perpendicular to the reverfed
Axis) and make a pointin the faid reflected. meridian, where
the end of the faid thread toucheth ; then on that point and the
f2id refle&ted meridian on the Cicling, raife adpcrpcndicular line,
which isthe Refl:&ed Equino&tial line defired.

2. Todraw the refletted Tropicks , or other Parallels of

Declinarion.

[r@y (as before) make or take out of fome Book a Table of

che Sans Altitude for each hour of the day’, calculated for the
placs or Lticude propofed, when the Sun is in either of the Tro-
picks,or other parallel of Declination: then take that chread,whofe
end is faitened in the center of the Glafle, movwe the other end
thereof to and fro in th hour-line propofed,until by applying one
fide of a quadrant to the faid thread you find the {aid thread eleya-
ted above the refle&ted Horizon anﬂfvfrablt to the Suns heighe in
that hour propofcd, when he is in that Tr_{“ipiﬂk or degree of De-
clination propofed. Which aleitude rtq:.}irtd will be LEfmnd in the
forefaid Tahle for that end calculated, which faid chread being of
the elevation above the refleéted Horizon, as the faid Table di-
ve@cth : then mark where the end of the thread (o elevated)
toucheth the Wall or Cieling in that hour=line : {0 is one point
found in the refle@=d parallel of Declination defired to be drawn,
In like manner, find in the faid Table inthe fame patallel or de-
aree of declination whataltirude the Sun hath ac the next hour,
and elevate the faid thread, whofe end isfaftened in che center of
the Glaffe, equal to the Suns altitude in that hour above the faid
vefl:&ed Horizon, by help of the faid Quadrant, aiid where the
other end of the faid tnread falleth in the hour-line propofed,make
another mark or point.  And fo in hke manner make the points
(belonging te that parallel of DcclinatiorP in the remaining hout-
Tines, according to the fevera] Altitudes found in the faid Table
of A'titules: Then drawing by hand 2 line to pafle through
thofe fzveral points {o found, as before, which line is the refleét-
- cd
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ed parallel of the Suns declination defired, In like manner may
be drawn all or any other parallel of Declination, which may
have E:I'p;& to the Suns place, orthe length of the day, asfhall
be defired, '

Or,

To draw the faid refletted Tropicks, or other parallels of Declt
wation, withawt any Tables calculated, only, by help of &
Trigon firft made on paftboard or other material.
Nate thar all Parallels are leffer (ircles.

FIrﬁ (as formerly is hewd in drawing the parallels of Delina-
tion to a Reflefting Horizontal Glafic) falten the Trigon on
the refle@ed reverfed Axis, fo that the center of the Trigon may
be in the center of the Glafle, then alfo willthe Equinoctial on
the Trigon be perpendicular tothe faid reflected reverfed Axis 2
then take #:hr:ad fixed in the center of che faid Glaffe, (which
is alfo in the cegger of the Trigon) and lay it upon that parallel
of Declination, drawn on the faid Trigon, whefe refletted pa-
rallel is required to be drawn on the plane or Cicling: then
move the Trigon, the thread lying on the faid parallcly until the
end of the fad theead touch any hour-line on the {aid wall or
Ci-ling, inwhich peint of touch on that hour-line make a mark,
{5 will that peint be in the refle@ed paralle]l of Declination de-
Gired, Inlike manner, move the faid Trigon, Rill keeping the
thread on the fame parallel, until che end ef that thread touch a-
nother hour=line on the faid plane or Cieling, and thcre alfo make
another mark, And fo in like manner find a point in each hour-line
through which that refleted parallel muft pafle 5 then drawing a
line to pafle through thofe feveral points on the faid plane or Cie-
ling, which line is che refleced parallel of the Suns Declination

defired. ;
In like manner may be drawn any ether reflected paralle]l of

Decligiation required.
Te
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To draw the vefletied Azimuth-lines to any reclining Glaffe, on
any plave whatfoever that the Sun-beams will be refleéied
on. Here note that eAzimuths are great
Cireles.

' Tr, know that the refleted vertical point in the Axis of che
Refleted Horizen, will alwayes be found in the refledted me-
ridian.  And look how many degrees the reflected Horizon dif-
fers from the dire& Horizon, {o many muft the ‘refle&ted Axis of
the Horizon differ from the dire@ Axis of the Horizon : Hence
the refle &ed vertical point, whereby the refleCted. Azimuth-lines
are'drawn, may be thus found. ; .

Take that thread whofe end is fixed 1n the center of, the Glaffe,
and move the other end thereof to& fro in the reflected meridian,
until by applying one fide of a quadrant thereto, yoﬂid the faid
thread deprefled jult 9o degrees,or perpendicular Ui@er the re-
fleCted Horizon; then make a mark or point whe the other end
of the (aid thread toucheth the faid reflected Meridian on the
Wall, Ground, or Floor of the Room, which point fo found js
the refla&ed vertical point defired, ‘in which poinc faflen one cpd
pf a thread:

Then on paltboard or other material draw the points of the
Compalfe or other degress, placing the center thereof in the cene
ter of .the Glaffe ;and the meridian thereof in the refledted meri-
dian of the world, which faid pafiboard muft be allo fituated in
the reflected Horizon juft as the Horizontal Dial was formerly
directed to be fituated for drawing the reflected hour-lines ;: And
asthe threads from the center falicned n the reflected Heorizop
werte allo the hour-lines on the Horizontal Diall, whcrcby the
reflected hour-lines were drawn. S8 now the threads from the
center faltened in the Reflected Horizon may be ‘the Hofizontal
Azimuth lines , whereby the reflected Azimuth-lines may be
drawn : Or if that thread which faltned in the center of the glafs
be drawn exactly over any Azimuch-line, the end whereof

being

L
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being faltened by a najl or other means in the reflected Hori-
zon on the other fide of the Reom, there may feveral points be
found in the wall or Cicling, through which the reflected Azi-
muth line muft paffe,as tolloweth :

Take that thread, one end of which is faftened inthe faid ver-
tical point, and bring it jult to touch the Azimuth thread former-
| ly fattened, and continue ituntil the end thereof touch the wall
or Cieling, (and alfo the thread it {elf touch the faid Azimuth
it felf, as before) in which point of touchon the wall or Cieling
make a mark, through which poinc that refledted Azimuth-line
muft pafle, Then move the faid fring faltened in the faid ver-
tical point, fo that it may jult touch the faid thread again, but in
| another place: thenas betore continue that. chread, poull, the
| end thereof touch the wall or Cieling again, as before, and there
t make another mark, through which the faid reflelted Azimuth
line muft alfo pafle ; In like manner may more points be found
| foryour further guide,in drawing that Azimuth-line,  But two
1 : g ) S
| points being found willbe fufhcient.

| Todraw any refleited line by any two points fizm: over.any plang
what[acver, without projefiing by the eye.

| Aften twothreads in the place of the center of the faid recli-
Fning Glaffe, drawing the faid threads (traight, faltening each

I of the other ends inthe two refle&ted Azimuth-points for-
merly found onthe wall or Cieling. Then fituate a thread crofs
or thwart the room, {0 as it may crofle thofe other threads from
the center, necratricht angles, and alfo juft.touch both of them
in that firuation, By which faid thread croffe the room may any
aumber of points in the faid refle€ted Azimuth-line to be drawn,
be found at Plcafure: Forif the end of another thread be-alio
faltened in the center of the faid Glafle, making the other end
théreof to touch the wall or Cieling, but fo that 1t may alfo juft
touch the faid thread, which is faftencd croffe; the room, which
point



23 Refleed Dialling from any Reclining Glaffe.
point of touch on the faid wall or Cieling is another point in the
faid refle@ed Azimuth line r:quircd to be drawn., In like man- -
ner may more peints be found at every angle or bending of the
wall or Cieling for the exa@er drawing the reflected Azimuth
line required, which doth find points, whereby 15 drawn the {ame
refle@ed Azimuth line (or other lines)as was formerly done by 2
thread fo fitnared, that it may interpofe between the eye andany
two points affigned on the wall or Cicling.

In like manner, if the thread faftened on the further fide of
the roomwere removed on another Azimuth line on the faid

aftboard, and then faften it again on the further fide of the room
&5 before ) you may by help of the faid thread faltencd in the
faid vertical point find feveral points on the wall or Cicling,
through which that Azimuth-line willgai‘fe ; So may you either
by this or the fermer way draw what Azimuth lines you pleafe,
either in points of the Mariners Compaffe or degrees, asyou
pleafe, by drawing it firlt on paitboard, as before is directed,

And note generally, that fuch relation the point found on the
floor or greund in the reflected reverfed Axis, hath to the hour-
lines drawn on the Horizontal Dial, in diawing the reflefted
hour-lines; The fame hath the Refle&ed vertical point found on
the floor or ground, to the Azimuths drawn on the paltboaid in
drawing the refle¢ted Azimuth-lines, f
To drasw the reflefied parallels of the Suns alvitnde, or proporsi-

ons of (hadows to any veclining Glafle onany Plane whas-

foever, that the Suw-beams will be refletted om, |

Here note, that parallels of Zltitnde age le[fer -

g Circles, therefore are not yeprefented ‘
| by a right line,

e ]

Irft, know generally chat what refpe@ the parallels of Decli-
nation have to the hour-lines, fuch have the parallels of Al-
titude te the Azimuths, |

Foy if one end of a thread be faftened in the place of the cen-
ter
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ter of thereclining Glafle, and the other end moved to and fre
in any reflelted Azimuch line, until the faid thread be clevared a-.
ny number of degrees propofed above the refle&ed Horizon (the
Elevation of which thread being found, by applying 2 Quadiant
thereto, and making a mark or point where the end of the faid
thread toucheth the faid refleéted Azimuth drawn on the wall or
Cieling, thac point lo found is the point through which that Al-
micanier or refle@ed parallel of the Suns alutude muft pafle,
Inlike manner, remove the otherend of the {aid thread faft-
ned in the center of the Glafle to another refle&ted Azimutha
line, and (as before) move it higher or lower, uncill by applying
the edge of a quadrant to that thread, you find the faid thread a-
bove the reflected Horizon the {ame number of degrees firlt pro-
poled, and at the end of thic faid thread in that RefleGed Azi-
muth-line drawn on the wall or Cicling T make another mark or
point, through which cthe fame Refleéted Almicanter or parallcl
of Altitude muft alfo paffe : And fo in like manner 1find a point
on each reflected Azimuth-line, through which the fame parallel
of Altitude muft pafle, * Then drawing by hand a line to pafie
through thefe feveral points (o found, as befere, that line is the
Reflected parallel of the Sumns Altitude propofed. In like man-
ner may be drawn all che other parallels of Altitude defired,
which will fhew the Suns altitude or the Proportion of any fha-
dow to its altitude, at any appearance of the Suns reflex thereon.

T o drawthe Jewifb or old unequal houy-lines to any Reclining
Glaffe om any plane whatfoever that the Sun-beam;s will
berefleiied on. Here note that the Fewifh howy-

lines ave greAt Circles.

Irft, (by the Rules formerly given) draw two reflected paral-
lels of Declination of 164, 5 5, the onebeing neey the Sum-
mer, and the other neer the Winter-Tropick : for when the
Sun hath that Declination, the day is 15 hours long in the Sum-
mer, and 9 in the winter : Then (asis }t;?rmr.‘:rly directed) fituate

Ll
b |
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4 thread jult berweenithe eye, and thefe three points in the {aid
Reflected Dial, asi$ exprefied in the infuing Table, fo/may you
thereby draw all orany ot thole Jewilh hour-lines defived y which
will acany appearance of the fpoc by the reflex of the Glaffe a-
mongft thofe hour-lines, fhew how many of the equal hours is
pat fince Sun-rifing, as was delired, Now in this Laritude of
s deg. 307, If the parallels. of the Suns declination b drawn,
boch when the day is g and 1 5 hours long, thac is, whenit is: 164,
55 yany of thofe Jewilh hour=lines will interi=ct the common
hour=lines, c':-;t-..:: upon thf huurs,hallr hours, or quarters,” And
fuch a declination may be found, thac it thallio do iy any Latiwude

delived.

l.f_-f;;.-;-;fn::n'[ 15 | Equ} 9 M Wrequ,; Vg _-Eq'#.' (.9
Hours., |H .M H. ‘| HM, bowrs | H. M. H. | H:M.
o TR
L. 4. 545F 7 J 8rs Piokisds L |9 45
2 Ty Dgi B ‘ 900 | S i - 20 20K 3o
3 815109 .| 945/ Y (3 45 3 {2, &y
4 | 930} 10, 1030 10 |is Qo 413 <o
o 1045 16 | BE1S 11 | @ 1§ 5 k3 sl
___f_id | 1200| 12 | 1260 | T T J‘}' 10 6 4 130

———— S

Todraw the Circles af Pofition to any reclining Gé’ﬂﬂ‘a‘ on Any
plane whatzever, that the Sun=bedms will berefledted gis

1 Otechat all Circles of Polition are great Circles of the

| Sphereyand do alwayes.interfcet ¢ach other in that point of

the Reflected merichan which toucheth the Reflected Hori-

zol, whichimay be.called rthe common interiecnion ; which faid
Circles of Pafition are reckoned upon the Refisetedi Equinocnial
both wayes trom the {fad. mexdian down. to the {aad Honzon :
The Horizon Eaftward being the Culpis, of the firk Houle; and
the Honizon Weltward being the Cufpis of the feventh Houle 3
and the Reflected meridign the culpis of the tenth Houle. %0 tha,
thofe
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thofe Meridian-planes, whofe Reelination ‘is. 6o degrees Wefi-
wauds, (being meafured from the meridian in the Equinoctial)
lies inthe: Culpis of the eighth Houle, and 30 degr. Weltward
lies in the Culpisof the ninth boufe, and 30 deg, Ealiward in the
Cufpisof che eleventh-Houfe, and 60 deg. Ealtward in the Cufpis
of the twelfth Houfe : which are all the Houfes above the Hori-
ZOM. ;

Now to draw any Circle sf Pofivion, or the Crfpis of any Honfe
© emany Creling or wall to any r'._:r‘fa':ﬁ'r;g Glaffe rs
done as followerh

Firft, falten-a thread, in fuch fore, wichin the Raomy as that'it
may interpofé between the eye and'the {aid commmon point ot 1n=
terfection on the wall or Cieling, and alio between shat pownt
where the reflected hour-line of 4 (being 60 deg, Well waid fram
the faid Meridian) interfects the reflzcted Equinoctial alio on the
Cieling, whereby poines may be made at cvery bending or angle
of the wall or Creling; to-which the thread fo fituaced may alio
interpofe, by which peints the Reflected Cufpis of the eighth
Houleniay bediawn, JTn like manner may the Cufpis of any
other Houfe above the Horizon, as the gth, or 1oth. which 1a.che
Meridian (ox Medium €eli) or 11¢h, ot 12th. be drawn al{o,
Forif (as before) the faid thread be again fo faftenced within the
Room, as that it may allo interpofe between the eye and the {aid
common point of inter{fc&ion, and alfo thofe points where ic
refleéted hour-line of 2 (being 3o deg, Weltward from the faid
meridian) do cut the refle@:d Equino&ial, whereby may be
drawn the refle¢ted Culpjs of the ninth Houle. Or where the
Reflected hour-line ofv10 (being alfo. 30 deg, Eaftward from the
meridian) de alfo cur te {aid refleered Equinoctial, whereby may
be drawn the Cufpis of the 11¢h. Houfe.  Or where the reflecred
hour-line of 8 (being 66 deg, Ealtward from the meridian) do
alfo cut the faid reflected Equinoctial, whereby may be drawn the
Cufpis of the 12¢h. Houfe. The Horizon alwayes being the Cul-
pis of the firlt and feventh Houfes jand the mexidian the Cufpis of

the
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the ténth houfe or Medium Coeli : wherein generally ‘1t is to be
noted, That inall planes which cut the common Interfection of
the meridian and Horizon, (as doth the. Horizontal, and alfo all
meridian planes both Directand Reclining) thefe Circles of Bo-
fition are all parallelto the meridian, and therefore parallel each
to other. For look what refpect the hour-lines in all Direct or
Reclining Polar Planes, or, Direct meridian Planes have to the
Axisof the World: Such refpect have the Circles of Pofition,
in all Horizontal, or Direé&t meridian or Reclining meridian
Planes, to the Axis of the Prime vertical:  For as the hour-lines
in the firft are all parallel to the Axis of the Equinoctial, in whefe
Polesthey meet: So the Circles of Pofition in the {econd are all
varallel to the Axis of the Prime Vertical, in whefe Poles they
alfo meet.

——

The reafsn why GlafJes refleét a dowble Spot, is becax(e they are
polifbt on both fides, which may be r emedicd with a Pumex-ffone.
Thefe that defire o read more of this Subjelt may [ee what is
written by Kircher, in primitiis Gnomic Cartoptricz, and [ince

bins by Magnan and vthers,
V AL E.
















